Introduction {#Sec1}
============

Malignant melanoma is the leading cause of skin cancer-related death^[@CR1]^. The global incidence of melanoma is increasing year by year^[@CR2]^. Although melanoma therapy combines surgery, chemotherapy, targeted therapy and immunotherapy, its prognosis remains poor, especially in patients with distant metastasis^[@CR3]^. The malignant progression of melanoma involves complex regulatory changes in multiple genes and signaling pathways^[@CR4],[@CR5]^. Therefore, it is important to explore the molecular mechanisms behind melanoma progression and discover new specific biomarkers for melanoma.

Long noncoding RNA (lncRNAs) is a kind of noncoding RNA with a length of more than 200 nucleotides, which plays an important role in cancer biology^[@CR6],[@CR7]^. Some lncRNAs can be used as the biomarker for the diagnosis and prognosis of numerous human tumors^[@CR8],[@CR9]^. A few lncRNAs involved in the malignant progression of melanoma have been identified^[@CR10],[@CR11]^. Long intergenic nonprotein coding RNA 518 (LINC00518), mapped to chromosome 6, has been shown to be upregulated and promote cancer cell growth and metastasis in breast and cervical cancer^[@CR12],[@CR13]^. LINC00518 also contributes to chemotherapeutic drug resistance in breast and prostate cancer^[@CR14],[@CR15]^. It was reported that LINC00518 is dysregulated in melanoma^[@CR16]^. However, its exact role and molecular mechanism in melanoma remain undetermined.

Extensive studies have shown that certain specific lncRNAs may act as competitive endogenous RNAs (ceRNA) in tumorigenesis and development^[@CR17],[@CR18]^. It has been demonstrated that LICN00518 plays the same role in prostate and breast cancer^[@CR14],[@CR15]^. Here, we analyzed the expression profiles of lncRNAs in melanoma tissue, and constructed the ceRNA network of LICN00518 according to RNA-seq and miRNA-seq analysis results and bioinformatics predictions. We showed that LICN00518 was significantly upregulated in melanoma tissue, and high LICN00518 level was an independent risk factor for the prognosis of melanoma patients. LICN00518 promoted the invasion and migration of melanoma cells trough regulating Adaptor Related Protein Complex 1 Sigma 2 Subunit (AP1S2, a validated pro-motility target^[@CR19]^). We also found that miR-204-5p exerts its antimotility activity in melanoma by targeting AP1S2, and LICN00518 could bind to miR-204-5p. Taken together, we concluded that LICN00518 act as a ceRNA to regulate AP1S2 expression by decoying miR-204-5p. Thus, LICN00518 can be used as a diagnostic and prognostic indicator and potential therapeutic in melanoma patients.

Results {#Sec2}
=======

LINC00518 was upregulated in melanoma tissues and cells {#Sec3}
-------------------------------------------------------

RNA-seq analysis revealed lncRNA expression profiling in malignant melanoma tissues and ANT samples (three melanoma tissues and three ANT samples). The cluster heat map showed all differentially expressed lncRNAs over 2.5-fold change (Fig. [1a](#Fig1){ref-type="fig"}). The expression of LINC00518 in melanoma tissues was upregulated 7.67-fold (Fig. [1a](#Fig1){ref-type="fig"}). To verify the RNA-seq results, we analyzed LINC00518 levels in 36 melanoma tissues and ANT samples. LINC00518 was increased in melanoma tissues compared to ANT samples (Fig. [1b](#Fig1){ref-type="fig"}). We found the same result by analyzing the previously published dataset (GEO\#GSE15605) (Fig. [1c](#Fig1){ref-type="fig"}). Then, we analyzed the expression profile of lncRNAs in melanoma from TCGA by using GEPIA (<http://gepia.cancer-pku.cn/>), and found that LINC00518 level was also upregulated in melanoma tissues (Fig. [1d](#Fig1){ref-type="fig"}). Malignant melanoma cell (A375, A2058, SK-MEL-28) expressed higher LINC00518 levels compared to human epidermal melanocytes (HEMa-LP) (Fig. [1e](#Fig1){ref-type="fig"}). Our results suggested that LINC00518 may be involved in the malignant progression of melanoma.Fig. 1LINC00518 was upregulated in melanoma tissues and found to be a risk factor for the survival of melanoma patients.**a** The cluster heat map showed all differentially expressed lncRNAs over 2.5-fold change in melanoma. **b** The LINC00518 levels were detected in 36 malignant melanoma tissues and adjacent normal tissues. **c** The expression of LINC00518 was analyzed using GEO\#GSE15605 dataset. **d** The expression of LINC00518 was detected from TCGA by using GEPIA (<http://gepia.cancer-pku.cn/>). **e** The LINC00518 expression profile in human melanoma cell lines (A375, A2058, SK-MEL-28) and human epidermal melanocytes (HEMa-LP). **f** The overall survival curves of 36 melanoma patients with high LINC00518 levels and low LINC00518 levels. **g** The prognostic data of melanoma in TCGA by using LinkedOmics (<http://www.linkedomics.org>). **h** We analyzed the prognostic data of melanoma in TCGA by using GEPIA (<http://gepia.cancer-pku.cn/>). Data were expressed as the mean ± SD, \*\**P* \< 0.01, \*\*\**P* \< 0.001

Association between the expression of LINC00518 and prognosis in melanoma patients {#Sec4}
----------------------------------------------------------------------------------

We further explore the clinical significance of LINC00518 in melanoma. High LINC00518 levels (LINC00518 expression ratio ≥ median ratio) were associated with the clinical stage of melanoma, but not with age, sex, ulcer and family history (Table [1](#Tab1){ref-type="table"}). In our patient samples, Kaplan−Meier analysis showed that melanoma patients with high LINC00518 levels had poorer survival (Fig. [1f](#Fig1){ref-type="fig"}). Meanwhile, we analyzed the prognostic data of melanoma in TCGA by using GEPIA (<http://gepia.cancer-pku.cn/>) and LinkedOmics (<http://www.linkedomics.org>), and found that overexpression of LINC00518 was correlated with poor survival of melanoma patients (Fig. [1g, h](#Fig1){ref-type="fig"}). More importantly, univariate and multivariate Cox regression analyses further demonstrated that high LINC00518 expression is an independent risk factor for the melanoma patients (Table [2](#Tab2){ref-type="table"}).Table 1Correlation between LINC00518 levels and clinical pathological characteristic (*n* = 36)Clinical characteristicsNumberHigh LINC00518 expressionLow LINC00518 expression*P* valueAge0.729\<501367≥50231211Gender0.735Male211011Female1587Family history0.074Yes651No301317TMN stage\<0.01I-II14212III22166Ulcer0.180Yes20128No16610Table 2Univariate and multivariate Cox regression analysis of LINC00518 levels associated with overall survival rate in melanoma patientsUnivariate analysisHazard ratio95% CI*P* valueLINC00518 expression (high vs. low)2.5381.115--5.7740.026Multivariate analysisHazard ratio95% CI*P* valueLINC00518 expression (high vs. low)2.2951.026--5.1320.043

ceRNA analysis for LINC00518 {#Sec5}
----------------------------

LINC00518 plays a role in some human tumors through the ceRNA mechanism. Supposing that LINC00518 also has the same effect in melanoma, we constructed a LINC00518-miRNA-target gene network using Cytoscape to visualize their interrelationships based on our miRNA-seq and RNA-seq data (Fig. [2a](#Fig2){ref-type="fig"}). The LINC00518/miRNAs interaction was predicted using miRcode and DIANA LncBase Predicted, the target genes of the miRNAs were identified using TargetScan, miRDB and miRTarBase. In the network, miR-204-5p captured our attention because of its expression was downregulated in melanoma tissue (Fig. [2a](#Fig2){ref-type="fig"}). AP1S2 (a validated pro-motility target^[@CR19]^), the predicted target of miR-204-5p, was increased in melanoma tissue (Fig. [2a](#Fig2){ref-type="fig"}).Fig. 2ceRNA analysis for LINC00518.**a** Cytoscape was used to visualize LINC00518−miRNA−target gene interactions based on our miRNA-seq and RNA-seq data. The LINC00518/miRNAs interaction was predicted using miRcode and DIANA LncBase Predicted, the target genes of the miRNAs were identified using TargetScan, miRDB and miRTarBase. Red color indicates high expression level, and blue color indicates low expression level. **b** The miR-204-5p levels were detected in 36 malignant melanoma tissues and adjacent normal tissues. **c** The expression of AP1S2 was analyzed in malignant melanoma tissues. **d** The expression of miR-204-5p was analyzed by using GEO\#GSE24996 dataset. **e** The expression of AP1S2 was detected from TCGA by using GEPIA (<http://gepia.cancer-pku.cn/>). **f** The correlation of LINC00518 and miR-204-5p in 36 melanoma tissues was negative. **g** The positive correlation between LINC00518 and AP1S2 mRNA levels in 36 melanoma tissues. **h** TCGA melanoma dataset revealed a significant negative correlation between LINC00518 and miR-204-5p expression. **i** TCGA supports the positive correlation between LINC00518 and AP1S2 mRNA levels in melanoma. Data were expressed as the mean ± SD

Interrelationship among LINC00518, miR-204-5p and AP1S2 in melanoma {#Sec6}
-------------------------------------------------------------------

To validate the results of ceRNA analysis, the expression of miR-204-5p and AP1S2 was measured in 36 melanoma tissues and ANT samples. miR-204-5p was decreased and AP1S2 was increased in melanoma tissues (Fig. [2b, c](#Fig2){ref-type="fig"}). The same result is obtained by analyzing the previously published dataset (GEO\#GSE24996) and TCGA database (Fig. [2d, e](#Fig2){ref-type="fig"}). Meanwhile, we found a negative correlation between LINC00518 and miR-204-5p levels, and a positive correlation between LINC00518 and AP1S2 mRNA levels in 36 melanoma tissues (Fig. [2f, g](#Fig2){ref-type="fig"}). The analysis of TCGA datasets also supports the above correlation analysis results (Fig. [2h, i](#Fig2){ref-type="fig"}).

LINC00518 serves as a sponge for the miR-204-5p in melanoma {#Sec7}
-----------------------------------------------------------

We further explore the potential interaction between LINC00518 and miR-204-5p. FISH and qRT-PCR of nucleus and cytoplasm fractions revealed that LINC00518 was mainly localized in cytoplasm in melanoma cells (Fig. [3a, b](#Fig3){ref-type="fig"}). We next constructed LINC00518 luciferase plasmids containing the wild-type and mutant miR-204-5p binding sites (Fig. [3c](#Fig3){ref-type="fig"}). miR-204-5p mimics significantly inhibited the luciferase activity of wild-type LINC00518 vector in melanoma cells, but not that of the mutant plasmid (Fig. [3d](#Fig3){ref-type="fig"}). MS2-RIP and RNA pull-down assay was used to further verify the direct interaction between miR-204-5p and LINC00518. The MS2-tagged wild-type LINC00518 vector was enriched for miR-204-5p compared to the empty and mutant plasmids (Fig. [3e](#Fig3){ref-type="fig"}). Moreover, RNA pull-down assay with biotinylated miR-204-5p found that LINC00518 was pulled down by biotin-labeled miR-204-5p (Fig. [3f](#Fig3){ref-type="fig"}). The expression of miR-204-5p was decreased in malignant melanoma cell (Fig. [3g](#Fig3){ref-type="fig"}). Meanwhile, miR-204-5p was overexpressed after transfection of LINC00518 siRNA in A375 and A2058 cells (Fig. [3h](#Fig3){ref-type="fig"}). All results showed that LINC00518 directly binds to miR-204-5p in melanoma.Fig. 3LINC00518 serves as a sponge for the miR-204-5p in melanoma.**a** FISH revealed that LINC00518 was mainly distributed in cytoplasm in melanoma cells. Scale bar, 25 μm. **b** qRT-PCR assays in nuclear and cytoplasmic RNA fractions detected the LINC00518 level in cytoplasm and nuclear. **c** The putative binding sites of miR-204-5p on LINC00518, and target sequences were mutated. **d** Luciferase assay of melanoma cells transfected with LINC00518-WT or LINC00518-MUT reporter together with miR-204-5p or NC. **e** MS2-RIP followed by miRNA PCR to detect endogenous miR-204-5p associated with the MS2-tagged LINC00518. **f** Melanoma cells transfected with biotin-labeled miR-204-5p, mutated oligos or NC, assayed by biotin-based pull down. LINC00518 levels were analyzed by qRT-PCR. **g** The miR-204-5p expression profile in human melanoma cell lines (A375, A2058, SK-MEL-28) and human epidermal melanocytes (HEMa-LP). **h** The expression levels of miR-204-5p in melanoma cells following transfection with LINC00518 siRNA or NC. Data were expressed as the mean ± SD, \*\**P* \< 0.01, \*\*\**P* \< 0.001

LINC00518 promotes AP1S2 expression through sponging miR-204-5p {#Sec8}
---------------------------------------------------------------

The 3′-UTR of AP1S2 has the same binding sites that LINC00518 combined with miR-204-5p (Fig. [4a](#Fig4){ref-type="fig"}). Overexpression of miR-204-5p led to a marked decrease in luciferase activity of the wild-type AP1S2 3′UTR vector (Fig. [4b](#Fig4){ref-type="fig"}). We next detected the AP1S2 mRNA abundance in the Ago2/RNA-induced silencing complex (RISC) after overexpression of miR-204-5p by using RNA-ChIP analysis (Fig. [4c](#Fig4){ref-type="fig"}). Enrichment in the level of miR-204-5p and AP1S2 that incorporated into RISC was observed in miR-224-5p mimic transfected cells (Fig. [4c](#Fig4){ref-type="fig"}). The expression of AP1S2 was increased in malignant melanoma cell (Fig. [4d](#Fig4){ref-type="fig"}). miR-204-5p mimics also repressed the level of AP1S2 mRNA and protein in melanoma cells (Fig. [4e, f](#Fig4){ref-type="fig"}). These results indicated that AP1S2 is the target gene of miR-204-5p. Moreover, the luciferase activity of the wild-type AP1S2 3′UTR plasmid was significantly decreased by LINC00518 siRNA, and this effect can be reversed by miR-204-5p inhibitor (Fig. [4b](#Fig4){ref-type="fig"}). LINC00518 siRNA also led to a decrease in the mRNA and protein levels of AP1S2 in melanoma cells, and this inhibition was reversed by cotransfection with miR-204-5p inhibitor (Fig. [4e, f](#Fig4){ref-type="fig"}). In conclusion, these results suggested that LINC00518 promotes AP1S2 expression by competitive binding miR-204-5p in melanoma.Fig. 4LINC00518 promotes AP1S2 expression through sponging miR-204-5p.**a** The binding sites of miR-204-5p on the 3′-UTR of AP1S2. Target sequences of AP1S2-3′ UTRs were mutated. **b** Luciferase assay of cells transfected with AP1S2-3′ UTR-WT or AP1S2-3′ UTR-MUT reporter together with miR-224-5p, LINC00518 siRNA or LINC00518 siRNA plus miR-204-5p inhibitor. **c** Immunoprecipitation of the Ago2/RISC using the Pan-Ago2 antibody in melanoma cells overexpressing miR-204-5p. IgG was used as a negative control and β-actin was used as an internal control. PCR analysis of miR-204-5p and AP1S2 incorporated into RISC in melanoma cells overexpressing miR-204-5p. **d** The AP1S2 expression profile in human melanoma cell lines (A375, A2058, SK-MEL-28) and human epidermal melanocytes (HEMa-LP). **e** The expression of AP1S2 mRNA in melanoma cells transfected with miR-224-5p, LINC00518 siRNA or LINC00518 siRNA plus miR-204-5p inhibitor. **f** Western blots identified AP1S2 protein expression changes following transfection with miR-224-5p, LINC00518 siRNA or LINC00518 siRNA plus miR-204-5p inhibitor, GAPDH was used as a control. Data were expressed as the mean ± SD, \*\**P* \< 0.01, \*\*\**P* \< 0.001

LINC00518 promotes the melanoma cell invasion and migration through miR-204-5p/AP1S2 axis {#Sec9}
-----------------------------------------------------------------------------------------

AP1S2, a validated pro-motility target, has been shown to facilitate the migration and invasion of melanoma cells^[@CR19],[@CR20]^. We further explore the biological role of LINC00518 in melanoma cells. Stably expressing LINC00518 shRNA A375 cells showed decreased invasive and migratory ability, but no statistically significant change in growth and apoptosis (Supplementary Fig. [1A-D](#MOESM2){ref-type="media"}). LINC00518 siRNA, AP1S2 siRNA, miR-204-5p mimic, LINC00518 siRNA together with miR-204-5p inhibitor were transfected into A375 and A2058 cells, and western blotting was used to detect AP1S2 expression (Fig. [5a](#Fig5){ref-type="fig"}). Scratch wound assays and transwell assays showed that knockdown of AP1S2 and LINC00518 and overexpression of miR-204-5p significantly repressed the invasive and migratory ability of melanoma cells (Fig. [5b, c](#Fig5){ref-type="fig"}). Simultaneously, LINC00518 siRNA, AP1S2 siRNA and miR-204-5p mimic inhibited melanoma cell infiltration in a 3D collagen matrix, these melanoma cells showed a less invasive morphology (Fig. [5d](#Fig5){ref-type="fig"}). Moreover, the inhibitory effect of LINC00518 siRNA on the invasion, migration and infiltration of melanoma cells was attenuated by miR-204-5p inhibitor (Fig. [5b−d](#Fig5){ref-type="fig"}). Overall, it demonstrated that LINC00518 modulates metastasis of melanoma cells by sponging miR-204-5p to promote AP1S2 expression.Fig. 5LINC00518 promotes the melanoma cell invasion and migration through miR-204-5p/AP1S2 axis.**a** Western blots identified AP1S2 protein expression changes in LINC00518 siRNA, AP1S2 siRNA, miR-204-5p mimic, LINC00518 siRNA plus miR-204-5p inhibitor transfected melanoma cells. GAPDH was used as a control. **b** The invasive capacity of LINC00518 siRNA, AP1S2 siRNA, miR-204-5p mimic, LINC00518 siRNA plus miR-204-5p inhibitor transfected melanoma cells was assessed by the transwell assay. Scale bar, 50 μm. **c** Migration of melanoma cells in different transfection groups was monitored by the scratch wound assay. Scale bar, 200 μm. **d** Results of melanoma cell migration were validated by a 3D migration assays. Scale bar, 200 μm. Data were expressed as the mean ± SD, \*\**P* \< 0.01, \*\*\**P* \< 0.001

LINC00518 exerts its prometastasis activity through regulating the AP1S2 levels in vivo {#Sec10}
---------------------------------------------------------------------------------------

We investigated the effect of LINC00518 on the metastasis of melanoma cells in vivo. Stably expressing LINC00518 shRNA or miR-204-5p A375 cells were tail vein injected into nude mice. Silencing of LINC00518 in A375 cell displayed fewer lung colonization compared to the control group (Fig. [6a](#Fig6){ref-type="fig"}). Knockdown of LINC00518 also decreased the number of metastatic lung nodules (Fig. [6b](#Fig6){ref-type="fig"}). HE staining confirmed the tumor tissues from metastatic lung nodules (Fig. [6c](#Fig6){ref-type="fig"}). miR-204-5p-overexpressing A375 cells also displayed lower levels of lung colonization and fewer metastatic lung nodules (Supplementary Fig. [2A, B](#MOESM3){ref-type="media"}). We detected the expression of LINC00518, miR-204-5p and AP1S2 on the sections of metastatic lung nodules. The miR-204-5p level was increased with the knockdown of LINC00518 (Fig. [6d](#Fig6){ref-type="fig"}). The AP1S2 was decreased in the miR-204-5p overexpression group and LINC00518 knockdown group (Supplementary Fig. [2C, D](#MOESM3){ref-type="media"}, Fig. [6e](#Fig6){ref-type="fig"}). These results indicated that LINC00518 promotes melanoma metastasis in vivo through AP1S2.Fig. 6LINC00518 exerts its prometastasis activity through regulating the AP1S2 levels in vivo.**a** Representative bioluminescence images of mice after tail vein injection of stably expressing lentiviral control or LINC00518 shRNA A375 cells. **b** The excision lung tissues in nude mice and the number of metastatic lung nodules. **c** Metastatic lung nodules were confirmed by HE staining. Scale bar, 50 μm. **d** PCR identified miR-204-5p expression changes. **e** The expression of LINC00518 and AP1S2 were detected by FISH and immunohistochemistry of sections from the metastatic lung nodules. Scale bar, 25 μm. Data were expressed as the mean ± SD,\**P* \< 0.05, \*\**P* \< 0.01,

Discussion {#Sec11}
==========

Numerous studies have confirmed that lncRNAs play a key role in the malignant progression of many human tumors^[@CR18],[@CR21],[@CR22]^. LINC00518, a newly identified lncRNA, has been reportedly to be upregulated in some malignant tumors^[@CR12],[@CR14]^. LINC00518 contributes to the multidrug resistance of breast cancer through the miR-199a/MRP1 axis^[@CR14]^. Wang et al. found that LINC00518 promotes the proliferation and metastasis of cervical cancer by modulating JAK/STAT3 pathway^[@CR12]^. LINC00518 also promotes the paclitaxel resistance through targeting miR-216b-5p to regulate GATA6 expression in prostate cancer^[@CR15]^. Although some studies have reported that LINC00518 is dysregulated in melanoma^[@CR16],[@CR23]^, the exact function and mechanism of LINC00518 in melanoma are still unclear. Here, we analyzed the expression profile of lncRNAs in melanoma tissue. LINC00518 was found to be increased in melanoma and conferred a poor prognosis to melanoma patients based on our samples analysis and public database. LINC00518 also increased the invasion, migration and infiltration ability of melanoma cell.

Extensive studies have shown that lncRNAs may act as ceRNAs in carcinogenesis. ceRNAs can sponge miRNAs and reduce the binding of miRNAs to their target genes, thereby regulating gene expression^[@CR24]^. LINC00518 also plays the same role in breast and prostate cancer^[@CR14],[@CR15]^. We subsequently constructed the ceRNA network of LICN00518 according to RNA-seq and miRNA-seq analysis and bioinformatics predictions. Thirty-six melanoma tissues and public databases were used to validate the results of ceRNA analysis. LINC00518, miR-204-5p and AP1S2 were found to have underlying correlation in melanoma. Luciferase reporter assay, MS2-RIP assay and RNA pull-down assay showed that LINC00518 directly binds to miR-204-5p. We also demonstrated that AP1S2 is a direct target of miR-204-5p in melanoma. LINC00518 siRNA inhibited the mRNA and protein levels of AP1S2, and the luciferase activity of the wild-type AP1S2 plasmid. This inhibitory effect was reversed by miR-204-5p inhibitor. These results indicated that LINC00518 promotes AP1S2 expression by competitive binding miR-204-5p in melanoma.

Accumulating evidence has shown that miR-204-5p is downregulated and plays a role of tumor suppressor in many tumors, including melanoma^[@CR25]--[@CR27]^. For instance, miR-204-5p can inhibit the growth and invasion and enhances chemosensitivity of colorectal cancer by targeting RAB22A^[@CR28]^. Vitiello et al. found that miR-204-5p acts as an effecter of vemurafenib's antimotility activity by regulating AP1S2 in melanoma^[@CR19]^. AP1S2 is a validated target for promoting metastasis of melanoma cells^[@CR19],[@CR20]^. In this study, we further confirmed the antimotility role of miR-204-5p and the pro-motility role of AP1S2 in melanoma. Moreover, the effect of LINC00518 siRNA on melanoma cells can be rescued by cotransfection miR-204-5p inhibitor. These revealed that LINC00518 modulates the metastasis of melanoma cells through sponging miR-204-5p to promote AP1S2 expression. Lastly, we also showed that LINC00518 also promotes melanoma metastasis in vivo by regulating the expression of AP1S2.

In conclusion, we demonstrated that LINC00518 plays a key role in the malignant progression of melanoma. LINC00518 facilitates melanoma metastasis by sponging miR-204-5p to release AP1S2 mRNA transcripts targeted by miR-204-5p, thereby promoting the AP1S2 expression. Studying the molecular mechanism of LINC00518 in melanoma is of great significance to improve the understanding of the molecular biological basis of melanoma development and identify new therapeutic targets for melanoma patients.

Materials and methods {#Sec12}
=====================

Patients and tissue samples {#Sec13}
---------------------------

Thirty-nine primary malignant melanoma tissues and adjacent normal tissues (ANT) were obtained from the Affiliated People's Hospital of Jiangsu University, and no patients received chemotherapy or radiotherapy before surgery. The histological characteristics of tissue were independently diagnosed by two pathologists. The study was approved by the Human Research Ethics Committee of the Affiliated People's Hospital of Jiangsu University. Informed consent was obtained from all patients. Melanoma sample from The Cancer Genome Atlas (TCGA), GEO\#GSE15605 and GEO\#GSE24469 were also included in this study.

RNA-seq, miRNA-seq and ceRNA analysis {#Sec14}
-------------------------------------

Three melanoma tissues and three ANT samples were stored in liquid nitrogen immediately after collection. TRIzol reagent (Invitrogen, USA) was used for total RNA isolation. RNA-seq and miRNA-seq analysis were conducted by Gminix (Shanghai, China). We constructed a LICN00518-miRNA-target gene network using Cytoscape (v.3.6.0) to visualize their interactions based on our RNA-seq and miRNA-seq data. The LINC00518/miRNAs interaction was predicted using miRcode and DIANA LncBase Predicted, the target genes of the miRNAs were identified using TargetScan, miRDB and miRTarBase.

Cell culture {#Sec15}
------------

The human malignant melanoma cell lines A375, A2058 and SK-MEL-28 were purchased from the American Type Culture Collection (ATCC), and human epidermal melanocytes HEMa-LP was obtained from Invitrogen. Melanoma cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco, USA) with 10% fetal bovine serum (Invitrogen, USA), epidermal melanocytes were grown in medium 254 (Cascade Biologics, USA). All cells were maintained in an atmosphere of 37 °C with 5% CO~2~.

Oligonucleotides and transfection {#Sec16}
---------------------------------

miR-204-5p mimic, miR-204-5p inhibitor and related negative control (NC) were bought from GenePharma (Shanghai, China). LINC00518 small interfering RNA (siRNA) and short hairpin RNA (shRNA) and AP1S2 siRNA were chemically synthesized by GenePharma (Shanghai, China). The shRNA and its corresponding control sequences were inserted into the lentivirus vector (GenePharma, Shanghai, China). Melanoma cells were infected with lentiviruses in order to obtain stably expressing miR-204-5p or LINC00518 shRNA cells. The oligonucleotides were transfected into melanoma cells using Lipofectamine 3000 (Invitrogen, USA).

Quantitative RT-PCR {#Sec17}
-------------------

RNA was extracted from cells and tissues using TRIzol reagent (Invitrogen, USA). Different reverse transcription kits (Applied Biosystems, CA) were used for reverse transcription. The StepOnePlus system (Applied Biosystems, CA) was used for amplification reactions according to the set reaction conditions. To detect the miR-204-5p level, the special primer was obtained from RiboBio (Guangzhou, China), and U6 was used for normalization. For analysis the LINC00518 and AP1S2 level, GAPDH was used for normalization. The following primers were used: LINC00518 forward 5′-GTGAAAATCTGGCTACTCGTCCC-3′ and LINC00518 reverse 5′-CTGACTTTTGCCACAGACTCCTG-3′; AP1S2 forward 5′-CCTTGAGTGGCGAGATCTGA-3′ and AP1S2 reverse 5′-CCTGATCCTCAATAGCACAGC′; GAPDH forward 5′- GTCAACGGATTTGGTCTGTATT-3′ and GAPDH reverse 5′- AGTCTTCTGGGTGGCAGTGAT-3′. The relative expression level was calculated using the 2^--△△Ct^.

Western blot {#Sec18}
------------

Total proteins were extracted by using RIPA buffer (KenGEN, China). The extracted protein concentration was quantified with a BCA Protein Assay Kit (Beyotime, China). Western blotting is performed as previously described^[@CR29]^. Antibodies against AP1S2 (Abcam, 1:1000, Cambridgeshire, UK) was used to analyze AP1S2 levels, β-actin (1:1000, Abcam, UK) and GAPDH (1:2500, Abcam, UK) were also used.

Cell invasion and migration assays {#Sec19}
----------------------------------

For transwell assay, melanoma cells were resuspended in serum-free culture medium after transfected. Melanoma cells were then placed at the top of the Matrigel-coated chambers (BD Biosciences, USA). The medium containing 10% fetal bovine serum was added to the lower chamber as chemical attractant. After 24 h of culture, the invasive cells were stained with crystal violet and counted. For scratch wound assay, melanoma cells were added into six-well plates after transfected. The wound gap was formed by using 200 μl pipette tip. Cells were photographed and wound width was recorded at 0 and 24 h.

3D migration assays {#Sec20}
-------------------

Cell suspension droplet containing 1000 cells was placed on culture dish. Lids were inverted over dishes. Cell aggregates were collected and cultured of hanging drops for 48 h, and then implanted into three-dimensional collagen I gels (PureCol, Inamed, Fremont, CA, USA). We adjusted the pH of collagen I gels to 7.5 and supplemented collagen I gels with DMEM containing 2% fetal bovine serum. After polymerization at 37 °C, the collagen I gel was overlaid with DMEM containing 10% fetal bovine serum. Olympus microscope system was used to evaluate the result.

Luciferase reporter assay {#Sec21}
-------------------------

The fragment of AP1S2 3′-UTR and LINC00518 containing the binding site of miR-204-5p were inserted into the pMIR-REPORT vector. Melanoma cells were cotransfected with related oligonucleotides and luciferase reporter plasmids. Plasmids with mutation-binding sites were used as controls. Dual Luciferase Reporter Assay System (Promega, USA) was used to detect the luciferase activity of reporter plasmids.

Isolation of RISC-associated RNA {#Sec22}
--------------------------------

We fixed melanoma cells that overexpressed miR-204-5p or miR-NC using 1% formaldehyde. Chromatin fragmentation is then processed. The cells were lysed using NETN buffer, and cultured with Dynabeads Protein A (Invitrogen, USA) supplemented with IgG or anti-Pan-Ago, clone 2A8 antibody (Millipore, USA). Proteinase K digestion was used to release immunoprecipitated RNA, and phenol/chloroform/isopropyl alcohol was used to extract RNA. RNA was purified by ethanol precipitation with glycogen and treated with DNase I.

Fluorescence in situ hybridization (FISH) {#Sec23}
-----------------------------------------

FISH was carried out by using RiboTM Fluorescent In Situ Hybridization Kit (RiboBio, Guangzhou, China) and procedures were performed based on a previous study^[@CR30]^. The LINC00518 probe was designed and synthesized by RiboBio (Guangzhou, China). Nucleus was stained with DAPI. The image was obtained by confocal microscope. ImageJ software was used to collect signals. Three visual fields were selected for each group.

MS2-RIP assay {#Sec24}
-------------

We used Maltose-binding protein (MBP)-affinity purification to identify miRNAs that associated with LINC00518. The MS2-MBP was expressed and purified from *Escherichia coli* according to Steitz laboratory steps. Three bacteriophage MS2 coat protein-binding sites were inserted downstream of LINC00518 by site-directed mutagenesis using Stratagene Quik Change Site Directed Mutagenesis Kit. Melanoma cell lines were transfected with MS2-tagged LINC00518 to obtain miRNAs associated with the LINC00518. At 48 h after transfection, the cells were subjected to RIP analysis as previously described^[@CR17]^. The level of miR-204-5p was detected by qRT-PCR.

RNA pull-down assay {#Sec25}
-------------------

Biotinylated miR-204-5p was bought from GenePharma (Shanghai, China). Biotinylated mutant and biotinylated NC were also synthesized and used as control. We transfected biotinylated oligonucleotides into melanoma cells. The cell lysates were cultured with M-280 streptavidin magnetic beads (Invitrogen, USA)^[@CR31]^. The bound RNA was extracted and the level of LINC00518 was detected by qRT-PCR.

In vivo tumor pulmonary metastasis assay {#Sec26}
----------------------------------------

Twelve nude mice were purchased from the Beijing Laboratory Animal Center (Beijing, China). A375 cells stably expressing miR-204-5p or LINC00518 shRNA were injected into the tail vein of mice. Mice were intraperitoneal injected with 10 μl/g sterile [d]{.smallcaps}-Luciferin firefly potassium salt (Beyotime, China). PerkinElmer IVIS Spectrum (Xenogen, CA) was used for in vivo imaging. The results were quantified as the average radiance of photons emitted using the Living Image software (Xenogen, CA). The lungs were dissected and the metastatic nodules were counted after 20 days. The study was approved by the Experimental Animal Ethics Committee of the Affiliated People's Hospital of Jiangsu University.

Immunohistochemistry staining and HE staining {#Sec27}
---------------------------------------------

The process of immunohistochemistry is carried out as described previously^[@CR32]^ using antibody against AP1S2. ImageJ software was used to analyze the optical density of the image. Three visual fields were selected for each group. For HE staining, sections were incubated with hematoxylin after deparaffinization and rehydration and stained with five dips in acid ethanol and eosin. The sections were dehydrated with graded alcohol and cleared in xylene. The images were taken by fluorescence microscope.

Statistical analysis {#Sec28}
--------------------

The data are expressed as the mean ± standard deviation and analyzed by SPSS13.0. The statistical significance of the data was evaluated by *t* test or one-way ANOVA. Spearman correlation analysis was performed by using MATLAB. Survival plots were drawn based on Kaplan−Meier analysis. *P* \< 0.05 was considered to have statistical significance.
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